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SUMMARY 
This report details the results from water quality surveys, carried out 
in August 1986, which were designed to examine the condition of the 
Crossens Estuary when receiving primary treated effluent from Southport 
STW. The results are compared with previous surveys in 198 2 and 1984 
when various degrees of secondary treatment were provided. 
The findings demonstrate that the reduction in the level of treatment has 
resulted in longer periods of deoxygenation throughout the estuary, but 
that this has not resulted in any major change in the use or 
characteristics of the estuary. 
The estuary remains in Class C. 
1. INTRODUCTION 
The crossens Estuary is situated north of Southport (Fig.l) with the 
tidally influenced channel being confined to the west of Crossens 
Pumping Station. This station serves as a river level control 
ensuring that irrigation water is available for upstream agricultural 
abstractors even under low summer flow conditions. 
It is quite usual for the pumping station not to operate for many 
days during the summer. Because of this the channel upstream of the 
outfall from Southport STW, 3/4 km downstream of the P.S., only 
contains water for a few hours each day around high water. 
The Southport works, unusually for one with a tidal water discharge, 
has historically had secondary treatment facilities. 
In 1984 the construction of new primary tanks necessitated the 
removal of seven biological filters and a report was subsequently 
produced by Rivers Division (The Water Quality of the Crossens 
Estuary - TSS 84/8) on the impact of this change. 
The report indicated that water quality was bad (substantially 
deoxygenated) throughout the estuary for at least some of the tidal 
cycle and speculated that the partial change from a filter effluent 
to a settled effluent would have exacerbated the situation. It was, 
however, observed that deoxygenation did also occur previously when a 
filter effluent was discharged and it was considered that the change 
at the works did not (a) change the estuary classification (class C) 
or 
(b) affect estuary usage and that the case for secondary treatment 
was therefore not proven. 
To put this in context it should be reiterated that downstream of 
Crossens P.S. the Crossens flows in a muddy creek through an area of 
mature salt marsh and then inter-tidal sand flats. There are some 
local wildfowling interests (recognised in an 'SSSI1 status) but the 
estuary is remote and inaccessible. Human activity is largely 
confined to people walking dogs in the vicinity of the pumping 
station. 
Present use of the estuary is thus minimal, i.e. there is: 
(a) no evidence of a resident fishery; 
(b) no beach; 
(c) no abstraction interest; 
(d) no recreational interest; and 
(e) little aesthetic appeal. 
In addition the watercourse appears to attract little attention from 
the local poplulation and does not give rise to complaint. 
The classification of the Crossens Estuary is derived as follows: 
(1) Score for biological quality = 4 •- absence of substantially 
elevated levels in the biota of persistent toxic or tainting 
substances from whatever source. 
(2) Score for aesthetic quality = 6 - an estuary which receives an 
input which causes a certain amount of aesthetic pollution but 
does not seriously interfere with estuary usage. 
(3) Score for chemical quality = 0 - dissolved oxygen below 10% 
saturation. 
The Total Score of 10 equates to Class C which has a requirement of 9 
to 15 points. 
The above factors, together with the realisation that any future proposal 
to improve the estuary to Class B would certainly require a high level of 
additional treatment or change in outfall location for little benefit in 
terms of use, formed the basis of the Rivers Division statement. 
It has now become evident that the concrete channel collecting flows from 
the new primary tanks and temporary storm tanks and which conveys a 
portion of the flow (0.3 dwf) to the remaining filters and the rest to 
outfall, could fail at any time. An Enhanced Explanatory Note from 
Western Division (Project Code 3-21-38-406) earlier this year, detailed 
two ways of replacing the channel with the cheaper solution making no 
provision for feeding the filters in the future. 
The filters are tidelocked for an average of four hours/day, and the flow 
from them is held in an earth lagoon during this period for release on 
the ebb tide. Serious odour problems, giving rise to complaint, have 
arisen in the past from the lagoon operation. The abandonment of the 
filters would allow the use of the lagoon to cease, as primary tank 
effluent can outfall throughout the tidal cycle. This solution is 
favoured by Division. 
The need for action to replace the channel was accepted by PPG in April 
1986 but a decision on the solution was deferred whilst an assessment of 
the likely impact of shutting down the remaining filters on the odour 
nuisance at the works and on the water quality of the estuary was 
initiated. The decision was referred to the Board for approval to switch 
off the filters whilst appropriate scientific evidence was gathered (July 
1986). 
This report presents details of water quality survey work carried out on 
the Crossens Estuary in August 1986. A comparison with the situation in 
1984 has been carried out where possible and the conclusions are 
presented in Section 5. 
PREVIOUS WATER QUALITY INFORMATION 
2.1 Work carried out 
The Estuary has not formed part of routine monitoring programmes 
by Inspectorate and Biological staff. This is because the 
watercourse is remotely situated, extremely difficult to sample 
representatively, especially at low water, and the mobile nature 
of bed and bank material makes access extremely treacherous. 
The water quality data which are available were collected by 
personnel now part of the C.S.A.s planning team during planned 
Work Programmes for inland and estuarine waters. 
The sampling surveys carried out previously were: 
(a) A survey in September 1982 which monitored water quality 
changes around high water upstream and downstream of 
Southport S.T.W. A medium range tide was chosen. At the 
time the discharge consisted of 90% filter effluent and 10% 
settled effluent. 
(b) A survey in August 1984 monitored water quality at one fixed 
station downstream of the works supplemented by sampling 
from a roving hovercraft. A spring tide was chosen. The 
effluent was then 60-70% settled. 
(c) A survey in September 1984 repeated (b) but for a neap tide. 
2.2 General Conclusions 
Detailed results from the above surveys are contained within the 
Appendix. Conclusions from the work were as follows: 
(1) Three factors affect the water quality of the Crossens 
Estuary viz: (a) the operation of Crossens P.S. (b) the 
tidal range, and (c) the quality of the Southport STW 
discharge. 
(2) When the pumping station is not operating the Crossens 
channel offers no natural dilution to the effluent discharge 
for a lengthy distance downstream and thus can be considered 
as an extended outfall for the works. 
(3) The available evidence suggested that deoxygenation under 
low summer flows has historically been a feature of the 
Estuary, although the situation, in all likelihood, had been 
exacerbated by the removal of about half the filter capacity 
(4) The mobile nature of bed and bank material resulting in the 
re-suspension of oxygen demanding solids at maximum tidal 
currents indicated that oxygen depletion was likely to be a 
natural feature of the channel. 
(5) On a neap tide the principal factor causing deoxygenation 
was the effluent discharge (BOD and ammonia). 
(6) On the flood, the re-suspension of ,bed and bank material 
under stronger tidal currents also contributed to the oxygen 
sag. However the ingress of saline water with, 
characteristically low ammonia and high dissolved oxygen 
content, also dictated that better water quality conditions 
existed at most points for a portion of the tidal cycle. 
(7) The estuary did not cause odour nuisance. 
1986 WATER QUALITY SURVEYS 
3.1 General 
To optimise the probability of a valid comparison with the water 
quality situation prior to switching off the filters the 
necessity was to carry out surveys under as similar a set of 
conditions (weather, tide, flow, temperature) as possible. 
As the 1984 surveys were carried out in late August/early 
September, it seemed appropriate to repeat the work in August 
1986. 
The surveys were planned and completed by members of the CSA's 
staff with support from Western Division Operations personnel. 
The analysis of water samples was performed jointly by the 
laboratories at Pazakerley and Great Sankey. 
3.2 Details 
1. 14 August 1986 7.7m neap tide high water 1845 at outfall 
sampling from 1300 to 2030 
The survey was carried out in dry weather. Crossens PS was 
not operating. 
2. 21 August 1986 9.4m spring tide high water 1230 at outfall 
sampling from 1045 to 1815. 
The survey was carried out in dry weather. Crossens PS was 
not operating. 
3.3 Rationale 
Past experience had indicated that without a significant input 
of time and personnel into monitoring the Crossens Estuary the 
results obtained were unlikely to provide a concise picture of 
the water quality state and hence, at best, would furnish an 
incomplete understanding of the watercourse. 
Such problems had undoubtedly arisen previously and hence, on 
this occasion, the opportunity was taken to monitor the current 
water quality over 7 hours (approx.half a tidal cycle) manually 
at three fixed stations (A,B,C - see Fig.l) near the outfall, 
and by hovercraft at four stations (D-G) more remote from, the 
discharge. 
3.4 Results 
3.4.1 14th August,1986 
The results are contained in Table la and summarised in 
Pigs. 2-7 
3.4.1.1 Southport STW 
No ammonia results are, unfortunately, available. 
The BOD figures were higher than the January-July 
1986 average (154 mg/1) 
3.4.1.2 Station A 
This point could only be sampled around high water 
when the channel contained water. De-oxygenated 
water was observed almost throughout this period 
during which saline influence was small (cl 260-
340 mg/1) High BOD and ammonia values were noted 
- in line with the sewage works discharge. 
3.4.1.3 Station B 
Greater saline influence at this point further 
downstream was seen around high water. 
Interestingly this input resulted in dissolved 
oxygen values falling from c20% to 0%. The reason 
for this is discussed in 3.4.1.4 High BOD and 
ammonia values were observed. Sulphide levels 
were low. 
3.4.1.4 Stations C,D 
The estuary was virtually anoxic throughout. This 
indicates that the effluent from Southport STW 
contained some residual oxygen which is consumed 
by bacterial self-purification processes between 
Stations B and C - hence the reduction in BOD and 
dissolved oxygen between the sites, and the 
arrival of deoxygenated water on the flood at 
Station B. The significant input of saline water 
(Cl 4300 NH4 16.8) failed to raise oxygen levels 
(Fig.4) A similar picture was seen at Station D. 
3.4.1.5 Stations E,P,G 
Each of these sites had a considerable period of 
deoxygenation, although an improvement in quality 
with distance from the outfall, in phase with 
greater saline influence, was apparent. Station 
G thus had the lowest ammonia and BOD values and 
a longer period with oxygen present. 
3.4.1.6 Summary 
Bad water quality was observed at all stations 
for at least a proportion of the tidal cycle. 
Data from Figs.2,4,6 have been extrapolated for a 
full tidal cycle (13 hours) and the total period 
for each site when anoxic water was likely to be 
present calculated (Table 2). 
This indicates that even some 6 Km downstream of 
the outfall the estuary was probably anoxic for 
about 50% of the time, whilst c lKm from the 
outfall anoxic conditions would have prevailed 
throughout. In conjunction with high BOD and 
ammonia values the figures show the profound 
impact of the sewage works on a neap tide. 
No evidence of odour nuisance was collected. 
3 . 4 . 2 21 August 1986 
3.4.2.1 Southport STW 
BODs were somewhat higher than the previous week, 
and ammonia values were high for settled sewage. 
The effluent had low sulphide values, showing no 
evidence of septicity. 
3.4.2.2 Station A 
The early samples contained water from the 
previous flood tide as evidenced by the much 
higher chloride values than on the neap. 
Associated with the ingress of saline water, as 
noted on previous surveys, was the suspension of 
anoxic bed solids, causing massive suspended 
solids levels with associated elevated sulphide 
concentrations at those times when the water 
depth was at a minimum. This phenomenon did not 
produce a smell nuisance however. 
On the flood tide a substantial reduction in 
ammonia and BOD occurred as the chloride rose to 
12900 mg/1 - there was, however, little benefit 
to dissolved oxygen concentrations, 
3.4.2.3 Station B 
This site exhibited similar characteristics to 
Station A - however the greater water depth 
dictated that the maximum suspended solids and 
sulphide values were lower than equivalent peak 
values at Station A. Greater saline intrusion 
(Cl 17000 mg/1) caused ammonia values to fall 
markedly and dissolved oxygen values peaked at 
32% at high water, before falling to <L 5% on the 
ebb. 
The residual oxygen level of c20% found on the 
neap tide survey was not maintained due to the 
considerable resuspension of suspended solids. 
3.4.3.4 Stations C,D 
The impact of better quality saline water was 
felt for a longer period at these sites (DO up to 
78%) However, around low water the estuary was 
still deoxygenated with high suspended solids, 
some sulphide and elevated BOD and ammonia values. 
3.4.2.5 Stations E,F,G 
The sampling at these sites was restricted due to 
a hovercraft failure. 
Better water quality for a longer period was 
apparent with distance downstream. 
3.4.2.6 Summary 
On this spring tide there was a progressive 
improvement with distance from the outfall due to 
the greater influence of cleaner saline water. 
In comparison with a neap tide Stations C-G were 
deoxygenated for shorter periods (Table 2) 
Due to the large impact of suspended solids 
associated with disturbance by strong tidal 
currents at small water depth, deoxygenation was 
more extensive at Stations A and B than on the 
neap. 
Even on a spring tide, Station G showed anoxic 
conditions for c4 hours during a tidal cycle. 
No odour problems were observed. 
4. COMPARISON OF 19 8 4 AND 19 86 RESULTS 
4.1 General 
Largely due to the knowledge gained from the 1984 surveys about 
the effort required to obtain detailed water quality information 
on the Crossens Estuary, a very good data set was collected in 
1986. It must however be admitted that, without the benefit of 
the field experience of two years ago, the data gathered then was 
much less complete than in 1986. The comparison in 4.2 and 4.3 
is therefore much less rigorous than it ideally might be. 
4.2 Neap Tides (Table 3) 
In general terms the prevailing conditions were similar. On both 
surveys the estuary was devoid of oxygen at Station C at high 
water. In 1986 BOD and ammonia concentrations were higher - this 
presumably reflecting the lack of filter effluent from Southport 
STW. 
4.3 Spring Tides (Table 4) 
A strict comparison of these two surveys shows a bigger tide in 
1984 which resulted in an increased saline influence, 
particularly noticeable at Station C. 
Similar water quality existed around high water at Stations B and 
C. At this latter station dissolved oxygen values fell and 
ammonia concentrations rose much more quickly in 1986 as the 
saline influence was less. 
At other stations there was no evidence of a fundamental change 
in water quality - poor or bad conditions occurred in 1984 as 
well as 1986. 
5. CONCLUSIONS 
5.1 The results of the 1986 survey serve to confirm the findings of 
the 1984 survey. 
5.2 Under neap tide conditions the estuary exhibits very poor water 
quality with high BOD and NH4 levels derived from the STW. 
These result in very low oxygen levels throughout the estuary 
though paradoxically there is a residual level of c.20% for some 
0.2 Km downstream of the outfall which must be derived from the 
effluent itself. The channel is, in effect, an effluent carrier. 
5.2.1 At high tide, low oxygen levels persist, with Station C (lKm d/s 
of the outfall) exhibiting minimal oxygen levels throughout the 
tidal cycle. 
5.3 Under spring tide conditions there is a general improvement in 
conditions with oxygen being present at Stations B and C at high 
tide and the lower stations for longer periods. Oxygen levels 
are, however, depressed by enormous suspended solids levels 
created by resuspension of bed material. 
5.4 The removal of secondary treatment has resulted in: 
(i) An increase in BOD of approx. 35% )values calculated 
(ii) An increase in SS of approx. 15% )from 1985 STW data 
(iii) An increase in NH4 of approx. 15% ) 
(iv) An increase in the time and length 
of low oxygen values - see Table 2 and Fig.15 
5.4.1 The increase in solids deposition can be expected to result in 
greater organic content and therefore even greater oxygen 
depletion during the strong tidal current phases in the future. 
5.5 There was no evidence of any smell nuisance as the sulphide 
detected was associated with sediment transport rather than the 
water column. There is no guarantee that there will not be some 
odour problems in very warm weather, but the estuary is remote. 
5.6 The water quality of Crossens Estuary is bad, and removal of 
secondary treatment has undoubtedly resulted in poorer 
conditions based on the normal chemical assessment. However, 
there has been no change in the potential for river use and, to 
date, no deterioration in its aesthetic characteristics. 
Consequently, the new situation is no more or less desirable 
than the old. 
5.6.1 Such a statement could not be made about any estuary or 
watercourse which is not so inaccessible to the general public. 
5.7 With a view to the future, the physical characteristics of the 
estuary would make it extremely difficult to raise the 
classification from C to B and could only be justified if there 
was a significant change in the surrounding environment 
resulting in increased public access/awareness. In these 
circumstances, additional treatment or a greatly extended 
outfall (which might well prove more satisfactory) may be 
required. 
5.8 The condition, and general environment of the estuary should be 
monitored in the future to detect any changes which might 
require remedial action. 
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Stage 1 is to run the WASSP model to get data for spill volumes etc. 
The problem with using the model in the traditional way is that it does 
not give information about spill volumes from SSOs that will be useful 
to a water quality planner. This is because he is interested in the 
events that happen every year, not those that happen once in ten year or 
whatever. The answer is to use what is referred to as "time series 
rainfall" (TSR). This is a series of storms, 99 in all, designed to 
reflect an average year's rainfall pattern (figs. 32 and 33). 
It is not suggested that all 99 storms are used, this would be too heavy 
on computer time (an example over 50 hours was quoted!). Guidance will 
be issued soon by WRc, but the WQP should be able to give an indication 
of which storms are likely to be important for the watercourse in 
question. TSR involves different series of storms for the East and West 
sides of the country, the storms can be used in different orders and 
there can be other site specific factors involved (figs. 34 and 35). 
Polluting Load 
Stage 2 is to calculate the polluting load. There is no computer, 
model, as yet, for timing spill volumes (from WASSP) into polluting 
loads. Table Fl (fig. 36) gives figures based on flow quality. These 
are intended to be used where samples of the flow are available. The 
base flow composition multiplied by the factor, gives the composition of 
the storm sewage. Table F2 (fig. 37) gives guidance for situations 
where no samples are available. 
Liaise 
Stage 3 is to liaise with the WQP to get target levels for the SSO 
performance (fig. 38). 
TABLE 3 
COMPARISON OF 1984 AND 1986 NEAP TIDE SURVEYS 
1. GENERAL DETAILS 
1984 1986 
Tidal he ight 7.6m 7.7m 
Crossens PS ope ra t i ng No No 
Southport STW e f f l u e n t BOD 152-196 147-253 
( s e t t l e d ) NH4 2 5 . 5 - 3 5 n /a 
Water Temperature °C 19 16-19.5 
2- STATION COMPARISON 
STATION C 1984 1986 
Time DO NH4 CI BOD SS Time DO NH4 Cl BOD SS 
hw+lhr 0 15 2000 55 394 hw+%hr 0 19.8 1520 156 
hw+l^hr 0 950 hw+i%hr 0 25.3 360 190 
hw+2hr 0 15 420 61 212 
STATION D 
hw+3hr 0 14 580 40 70 hw+%hr 0 17.8 3180 30.2 180 
STATION E 
hw+4%hr 6.5 14.5 1700 45 156 hw+lhr 0 9.75 10500 2.5 251 
3. ODOUR NUISANCE 
1984 1986 
No No 
TABLE 4 
COMPARISON OF 1984 AND 1986 SPRING TIDE SURVEYS 
1. GENERAL DETAILS 
1984 1986 
Tidal height 9.8m 
Crossens PS operating No 
Southport STW e f f luen t BOD 126-224 
( s e t t l e d ) NH4 25.5-35 
Water Temperature °C 19 
9.4m 
No 
192-252 
32.4-37.3 
13-17 
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WATER QUALITY SAMPLE SUMMARIES 
SAMPLE 
47 
FLOW 
INST 
MEAS 
76 82 81 9901 
D.O. 
118 117 167 180 182 85 172 92 
DATE TIME 
MAL/D DEG C 
TEMP DISS 
WATER OXYGN 
MG/L 
0 
135 
SUS 
SOLS 
111 
AMMON 
DISS FIELD IACAL N02-N N03-NSULPH ORTHO S I L I C BOD 5CHL0R COD 
OXYGN ZSATN N IDE PHOSP ATE ATU IDE 
MG/L MG/L MG/L MG/L MG/L RG/L MG/L MG/L MG/L MG/L 
N N N P S I 0 2 0 CL 0 XSATN 
><—> 
PT :- 0170806495 
60919841100 
60919841130 
60919841200 
60919841230 
60919841300 
60919841330 
60919841400 
60919841430 
60919841500 
NGR 
19 <.5 
<.5 
19 <.5 
SAMPLERS COMMENT 
<-5 
19 <.5 
<.5 
19 <.5 
<-5 
19 <.5 
:- SD 37200 22100 
<5.5 
<5 
<5.5 
<5 
<5.5 
<5 
<5.5 
<5 
<5.5 
15 
15 
PT :- 0170806497 NGR : 
60919841300 19 <.5 
SAMPLERS COMMENT-
60919841415 19 .6 
SAMPLERS COMMENT-
- SD 37000 22200 
<5.5 14 
6 . 5 1 4 . 5 
CROSSENS POOL 1 KM D/S OF SOUTHPORT STW STATIONC 
. 0 1 < . l 7 55 2000 162 
950 
•C.01 < . 1 < . 0 2 7 61 420 158 
ANALYSTS COMMENT- DYE PEAK 
17.5 <.01 <.1 .02 7.5 
21 <.01 <.1 .04 7.5 
23.5 <.01 <.1 7.5 
>71 
>71 
>72 
330 
300 
300 
310 
320 
330 
198 
216 
204 
CROSSENS POOL - ROVING HOVERCRAFT 
. 0 1 < . 1 < . 0 2 7 40 580 122 
ANALYSTS COMMENT- A T S T A T I O N D 
. 0 1 < . 1 < . 0 2 6 . 5 45 1700 124 
ANALYSTS COMMENT- AT STAT ION E 
394 
212 
204 
122 
96 
70 
156 
143 
SOLS 
N O N -
VOL 
500C 
MG/L 
32 8 
148 
108 
40 
72 
44 
126 
61 
PH 
7 . 9 
7 . 6 
7 . 7 
7 . 6 
7 . 6 
7 . 6 
7 . 6 
REQUEST NO 
;PT : - 01703S003SPT 
160919840900 
160919841000 
160919841100 
160919841200 
160919841300 
160919841400 
160919R41500 
NGR : - SD 36940 20710 
26 
25.5 
26 
29 
35 
34 
35 
SOUTHPORT STW 
<.01 
<.01 
<.01 
<.01 
<-01 
<.01 
<.01 
<.1 
<-1 
<.1 
<-1 
<.1 
<.1 
<.1 
8 
7.5 
8 
7.5 
7.5 
8 
8 
PRIMARY 
196 
172 
156 
152 
164 
160 
164 
TANK EFFLUENT 
111 
111 
112 
111 
111 
111 
112 
370 
362 
326 
330 
334 
35 2 
3S2 
112 
88 
92 
130 
110 
116 
122 
26 
8 
<3 
<3 
8 
10 
24 
7.2 
7.3 
7.4 
7.5 
7.5 
7.5 
7.6 
APPENDIX 
WATER QUALITY SURVEY RESULTS 1982/4 CROSSENS ESTUARY 
6. RESULTS 
6.1. Survey 2nd September 1982 (Table 5) 
6.1.1 General Conditions 
(i) Crossens P.S. was pumping between 0930 and 1200. 
Prior to this there was the barest trickle of 
diluting water for the Southport S.T.W. discharge. 
During the pumping operation the dilution for the 
effluent was c2:l (effluent BOD 40 mg/1, downstream 
BOD 15-20 mg/1). 
(ii) The discharge from Southport STW at this time was 
c90% filter effluent + cl0% settled effluent. 
(iii)The tide was 8.6m, with high water at the outfall 
being at c 1200. 
6.1.2 Station B (Fig.l) 
(a) Before the flood tide arrived, ambient dissolved 
oxygen values were 60% (see Fig.14) 
(b) On the flood, coincident with an intrusion of more 
saline water (CI 2640 mg/1 maximum) suspended solids 
levels increased dramatically. This event was 
assocaited with intense scouring of bed and bank 
material under maximum tidal currents on the flood. 
Simultaneously dissolved oxygen values fell rapidly 
(Fig.14) to 0% prior to slack water. 
(c) Early in the flood an ammonia concentration of 2mg/l 
was monitored at 1040. Values then rose to 7.25 mg/1 
at slack water. This was most likely to be due to 
the ingress of a body of water, consisting of the 
Southport S.T.W. discharge not significantly diluted 
by the pumping station operation, in admixture with 
more saline water. 
(d) At slack water, the dissolved oxygen improved to c30%. 
(e) On the ebb, dissolved oxygen concentrations once more 
fell (1200-1230) as deoxygenated water from further 
upstream passed the station. Subsequent samples were 
contaminated by bed material due to an inability to 
sample mid-stream water representatively by hand. 
However, the instrumental dissolved oxygen monitor 
indicated that a steady rise in values occurred and 
that, at the end of the survey, concentrations had 
returned to pre-flood values. 
6.1.3 Station A (Fig.l) 
(a) Overall a similar pattern to that at Station B 
emerged, but slightly later (Pig.14) 
(b) Dissolved oxygen concentrations fell rapidly on the 
flood reaching 0% for cl hour around high water, and 
subsequently rising on the ebb. 
(c) Saline intrusion was reduced in comparison with 
Station B (maximum Cl = 1100 mg/1), but was 
sufficient to cause a build up of water in the pool 
downstream of the pumping station. 
6.1.4 Summa r y 
Dissolved oxygen concentrations of c0% for about 1 hour 
around high water were monitored immediately upstream and 
downstream of the discharge. The extent and length of the 
sag were, in all probability, reduced by the action of 
Crossens PS which raised pre-flood D.O. values to c60%. 
The sag itself was due to two factors viz: (1) the 
effluent discharge and (2) the resuspension of bed and 
bank material. The position of this sag is controlled by 
tidal advection. There was, however, no obvious odour 
nuisance. 
6.2 Survey 29th August 1984 (Table 6) 
6.2.1 General Conditions 
(i) Crossens PS was not operating. 
(ii) The discharge from Southport STW to the estuary was 
now c60% settled effluent +c40% filter effluent 
(iii)The tide was 9.8m, with high water at the outfall 
being at c 1400. 
Roving Hovercraft 
The hovercraft was used to take samples from the estuary 
'in phase' with the passage of a dye released at the 
outfall just after high water (1420). By this means it 
was hoped to extend the spatial extent of the sampling 
carried out during the 1982 survey. A number of 
conclusions can be drawn from the sampling exercise. 
(1) Much higher chloride values and lower BOD and ammonia 
levels indicate that a much greater influence of 
saline water was apparent than in the 1982 exercise. 
(2) In terms of sampling much of the flood tide with 
associated high suspended solids levels was missed. 
The only sample prior to high water, taken near the 
outfall, had a suspended solids level of just 70 
mg/1. The corresponding dissolved oxygen 
concentration was 8%, very low considering the high 
salinity. An ammonia value of 3.0 mg/1 indicates 
that the water as sampled was still influenced by the 
Southport discharge, and the inference must be that, 
earlier on the flood, when a greater proportion of 
effluent and higher suspended solids would be 
present, dissolved oxygen levels approached 0%. 
(3) The second sample was taken at Station C, about 1 km 
downstream of the discharge as the dye passed. The 
ebb was just starting (SS only 35 mg/1) and the 
dissolved oxygen was 51%. This relatively high value 
was associated with greater saline influence (high 
chloride, lower ammonia) than nearer the outfall. 
(4) The dye passage further downstream was accompanied by 
rapid resuspension of solids, dissolved oxygen levels 
falling to 5%. 
(5) The final station, (G) downstream of the clean 
tributary (F) sampled at 1805, had a dissolved oxygen 
content of 36% satn. This station was within the 
area of the sand flats, and although the suspended 
solids level was high, the particles were 
predominantly sand. 
Station C 
When the hovercraft moved downstream from this site, 
samples were taken hourly from the bank. They show: 
(A) A progressive reduction in salinity and an increased 
impact from the effluent (increased ammonia values). 
(B) A peak suspended solids value at 1600, the 1800 
sample being unrepresentative due to the difficulty 
in sampling mid-stream water. 
Dissolved oxygen results are unfortunately not available. 
6.2.4 Summary 
Dissolved oxygen sampling was restricted on this survey. 
The available evidence suggested that low dissolved oxygen 
levels were present throughout the estuary to Station F 
for a period around high water. In comparison with the 
survey undertaken on a neap tide (Section 6.3) the effect 
of the spring tide is threefold. 
(1) Tidal excursion is increased and, as a consequence, 
more effluent may escape from the system on the ebb. 
(2) The impact of diluting saline water is much enhanced, 
reducing the length of time in the tidal cycle that 
the effluent is discharged relatively undiluted. 
(3) Despite the increased tidal excursion and saline 
influence, suspended solids levels are considerably 
higher and must contribute to the dissolved oxygen 
sag. 
,3 Survey 6th September 1984 (Table 7) 
6.3.1 General Conditions 
Similar to 29th Augsut 1984 except that the tide was neap 
(7.6m) High water at the outfall was at clOOO. 
6.3.2 Roving Hovercraft 
The hovercraft was, once again, used to follow the passage 
of a dye tracer from the outfall, two water samples being 
taken in phase downstream of Station C. The dye passage, 
however, was substantially restricted compared with the 
previous week, the beneficial impact of the Station F 
tributary thus not being felt. 
The available results indicate: 
(1) Some saline intrusion, but much reduced compared with 
the spring tide. 
(2) Much higher ammonia values, cf 29th August survey 
indicating that a higher proportion of effluent was 
present. 
(3) Suspended solids values were relatively low, but 
dissolved oxygen levels approached 0%. 
6.3.3 Station C 
Samples were taken half-hourly on the ebb at this site and 
the results confirm the conclusions based on the 
hovercraft sampling.. 
(1) Maximum saline influence, coincident with the highest 
suspended solids concentration, was noted at 1100 (CI 
= 200 mg/1). Subsequent to this a decreased saline 
and an increased effluent impact was noted (chloride 
values falling and ammonia concentrations increasing). 
(2) Dissolved oxygen levels approaching 0% were present 
throughout. Sulphide levels were barely detectable 
and these presented no obvious odour nuisance. 
6.3.4 Summary 
Very poor water quality existed throughout the portion of 
the estuary sampled with dissolved oxygen values of<5%. 
Although on a neap tide suspended solids levels are 
reduced in comparison with a spring tide, limited saline 
influence and a reduced tidal excursion collectively 
enhance the impact of the effluent discharge. Under neap 
conditions therefore the primary factor causing low 
dissolved oxygen levels appears to be the Southport STW 
effluent 
